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During our development work relfited to ultrapreclsion machine tools we have used a vari-
ety of different tests, but we have leaned toward the more comprehensive tests, such as
cutting and evaluating a part. This type of testing hiis the advantage of including all pos-
sible sources oi error, but has some disadvantages in interpreting results. The comprehen-

sive test we use for long-term temperature stability is of this nature. Itwill tell us if
we have a problem, but other tests may have to be done to pinpoint or develop a solution.

This test is shown schematically in Fig. 1. The test involves cutting either a flat
(testing for stability in the Z-direction) or a cylinder (checking for stability in the X-
directior) over a long period of time in programmed steps. Then measuring the surface fin-
ish nf the part with a profile instrument. This test is in contrast to mounting an indica-
tor on the machine and recording the output over a period of time. The concerns using thu
indicator method are that electronic drift in the indicator may be present, changes duc to
spindle growth may not bc included, changes in the tool holder or tool post may be differ-
ent depending cn where the indicator is mounted, and some of the thermal drift may be due
to the lndlcator or its mounting.

Actually cutting to provide a record includes all the variables, but does not provide J
continuous record as an analog strip chart and an indicator would provide. A series of
tests with different time steps has to be done to avoid missing s~me higher frequency
changes. The test can be done without any special equipment such as noncontact indicators,
amplifiers, and strip chart recorders; however, it does require a means of taklnq a 5ur-
face finish trace of a completed ~art.

An example of the surface finish trace frGm a C.UL on our pneumo lathe is ShUWll in ;iy. 2,
,~nd the plot of the error versus time is shown in Fig, 3. These results dru morv dfl indi
cation of the environment where wc operate the machine, rather than ~ ,judumcnt of the m~-
chlne tool.

Machining-a bold f(nifc-Edgu------ ---- . . . . .

An dccclcrtitor project at I.US AIJmos required a spcclal slit to LOIIIIII,ILU ,1 p~rt
b[!dm, Such II +~it 1s fabricated from two sharp knifu-edges prccisuly >pLIced d~ldrt
VIIIII Lhc rcqulrcd opcninq. Tht! opur~tion of such ,1 slit arrangunlcnt it J!1oWII SLhL!m
in Itq. 4. A scric$ of k!lifr-udqcs were produced by diamond turning !Iuld-pl,ItIId co
I)ICL12S, ,1s shuwll ill I“i(j, q. The knlfc-rdyc wiis producod by the llllC~5(!L~ll)ll of Lhu
Ildt di.;nloll,’-turnud surfllcus. The surfnccs were di~mond turned using ~ fly-cutL(!r
MoiIrr No, 3 lathu, IInd holdlng the parts in II sp?cial fixture to allow UNU surf:[l!
m~chlncd ~nd thun rotated for the proucr anqlc to cut the second su~fJcc. Thu du~l

,. I 1,
(1 1) 1,1-

ti(dlly
1)1,1’

I.w(l
II (JUI’

1$ Ill)

tv Uf
Lhc knifu-edge produced can bu sc:n Ii Fig,-G, a 400x sEM picture uf thv iut[:rs~ctlun-uf
Lhe twu m~chlnrd ~urfdcus. The fdbricdtion of sharp edges in a sofL III,l:vI”I,II Iik(, gol(f i!,
Vury dlfffcult by lilpflillg, but all cdyc shi,)pncss of about unc micrnml!tcr Ldll III! prIJdu(.ud
I)y lllll’,llll’cc i., iI)Il m~chlnlnq muthods.

SiII,p-.WiI-vc.,.f4_a ndrcl

1,d !, 1!r tuslorl ru,t!dr(.h pru,j[!ct.t involve cffurts t cnmprl!ss iI vt!ry (,m,l I 1 “.phl!l’lLdl VI,-,
!,!,1 fillvd with fu[!l LU hlqh vnuuyh pressures to product! fusion ulllJ1’(Jy, A !,(!I”IU< UI (!A-
lI{!l’tlll{IllLS Ill lh(! l,lS12r fu>lo)~ re>carch progr,lln ~t Los Alnmus used c,yl Ind(!r:. to ‘,tu~ly th(!
I* ftl*L L:, uf jurfdcu Irruyuldrltluso Those spuclfil cyl ndrlcol targut~ ~rp prI)dut.PIl by m,~k-
11111 d m{lndr~!l ,’ plotll)q the rcquirutl cyllndcr mntorifil on top of tho mandr~:l , ,IIld LhuII dl.,-

‘,{)IVIIIII ttl{! IIIdlldl’(!] lJUt ,111(1 l[!,lVlll~ J ho]]OW” Cyltll(fl’1(:,11 t(ll’gl?t, Tu PrUd ULII II ‘,111’( 1,11 ‘,111 -
IJII, Iin thu lnsi(lu of Lllli II(JI1ou cyllndcr IL is Ill!cusl,,try to mdchlnv thv dII\ I rOd fVIIIUr IIO,
1111 1111: (IuL,, ldII surfncu of 11111 mondrl!l, Atl (!x,lmpli! of +uch II mfindrol II, ‘.tll)wll II) I ill. /,

A II UIIII) {III Of tllI:sII 11111,11I klm!-wJvIJ m~ndrul> wcru zuccvsstul ly mfiLhlIIud Ill ,1 Iumllllllll U,, lllq
11,11 I’lll,llmu l,lttl l:, I’lourlt N l’, !1 SI,M pholu of OIIV of lh(!sr m,lndrri~. A I])ofllu tI,ItI, of
,,11, ! IIf l.11(~,,11 Intlll[lrl, l,. It I,tIIW II In I’ 1(1, 9. Thv prvI ;IiC cnntrol nnd LIIIIIIIU IIII-II,IO;I!II IIIIlt,t,~)l
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Table I Summary of Los Alamos Ultraprecision Mach~nc Tools. .

Machine Type

Diameter Swing

X-Axis Travel

l-Axis Travel

Spindle Type

slide Uay Type

Feed Back System

Fucd Ilack Resolution

Cuntrollcr

Rot,lry Tahlu

Moore No. 3

% 0.6 m

460 mm

300 mm

Air-Bearing
150 mm radius
graphite sphericdl

Plain Llearing

Resolvers un
lead screws

I Mic(oinct)

3-Axis CNC

lxln-6 counLs/rcv

Moore No. 5

1.5m

760 mm

760 mm

Air-Bearing
150 mm radius
graphite spherical

Roller Deariny

H-P Laser
interferometer

1 Mlcruinch

3-Axis CNC

;xlo-~ cuunts/rcv

Pneumu MSG-3Z!J. --—-— --- —...

% 0.35 m

300 mm

200 mm

A~r-Uedr.!lq
150 mm radiu’l
cartrldyti

Air-Uu~rinq

H-P Las~r
Inf.urfcromuter

1 Micrulnch

i!-Axis CNC

.-
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Figure 1. Schematic of Iollq-term stability test
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Figure 2. Example of test results, surface finish trace
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